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reproducible and evidently logarithmic in form have 
been obtained. 

111-A high degree of impregnation of water with 
carbon dioxide gas has been obtained using a .  rotary 
stirrer while maintaining the liquid under a steady 
pressure of gas. 

IV-The effect of an increase in speed of stirring is 
t o  tremendously shorten the time of carbonation, and 
a t  the same time increase the degree of impregnation. 

V-In an efficiently carbonated water the gas con- 
tent, after the first opening of the bottle, closely ap- 
proximates Henry’s law. 

VI-The degree of impregnation of a liquid with a 
gas is not directly indicated by the “initial pressure,” 
that  is, the pressure of the gas over the free surface of 
the liquid before the first opening of the bottle. 

VII-The length of time that  the carbonated water 
is allowed to  stand before opening bears a marked re- 
lation to  the maintenance of the supersaturated con- 
dition after the pressure in the gas cushion is released. 
This effect is evidently due to  the gradual solution of 
fine gas bubbles retained on the inner surface of the  
container. 

VIII-By “blowing off)’ of the foreign gases in the 
gas cushion, a higher degree of carbonation can be 
secured. This principle has been used by the prac- 
tical men in the trade. 

IX-A high degree of carbonation may be obtained 
using distilled water alone, as a solvent, and if this 
product is allowed to  stand for a period before opening, 
the carbon dioxide gas is retained remarkably well. 
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A t  the request of the Council on Pharmacy and 
Chemistry, the A. M. A. Chemical Laboratory has 
undertaken examinations of American-made synthetic 
drugs. The most extensively used synthetic is acetyl- 
salicylic acid and hence an investigation of this product 
was deemed expedient. 

For seventeen years acetylsalicylic acid was protected 
by a United States Patent (the proprietors were not 
given a patent in other countries) and sold under the 
name “Aspirin.” In  February 1917 the patent ex- 
pired, and since then a number of firms have engaged 
in the manufacture of acetylsalicylic acid, selling i t  
either as such or as aspirin, modified, of course, by a 
distinctive firm designation. During this period the 
former manufacturers (The Bayer Co., New York, 
in past years called Farbenfabriken of Elberfeld Co., 
New York) have been extensively advertising, both to  
physicians and the public, the alleged superior qualities 
of their product. The chemical examination, there- 
fore, was concerned chiefly with tests of purity, and the 
comparison of the American brands with the formerly 
patented product. 

In  European countries, acetylsalicylic acid‘ is de- 
scribed in the various pharmacopoeias as a condensa- 
tion product of acetic anhydride or acetyl chloride with 
salicylic acid (0-hydroxybenzoic acid). Generally the  
test of identification is hydrolysis of acetylsalicylic acid 
and qualitative tests for acetic acid and salicylic acid. 
For purposes of purity the requirements are essentially 
that  the specimen should have a certain melting point, 
should show absence of salicylic acid by means of 
ferric chloride (the manipulations for the tests are 
variously described) and leave no appreciable ash. 
The two tests of purity most generally employed, 
however, are the melting point and the reaction with 
ferric chloride. 

MELTING P O I N T  

The melting point of acetylsalicylic acid has been 
given a t  various temperatures from 118’ to  1 3 7 ~  C.;l 
the British Pharmacopoeia describes the melting point 
a t  133’ t o  135’ C.; the German Pharmacopoeia “about 
13.5’ C.;” the Fvelzch Pharmacopoeia a t  135’ C.; New 
and Nolzo$ciaZ Remedies, 1917, 134-136’ C. The 
Bayer Company, in the patent trial a t  Chicago a 
number of years ago, gave among the “four infallible 
tests” a melting point of “about 135’ C.” Several 
men have carefully determined the melting point in 
recent years. Emery and Wright3 in  1912 found tha t  
“Aspirin, Bayer” melted a t  130.5-131’ C. In  France, 
Fran~ois4 has determined the melting point of pure 
acetylsalicylic acid, which, according to  his method, 
is 13 2 ’ C. When various samples of acetylsalicylic 
acid were examined in this laboratory, it was found 
tha t  the melting point of none was as high as tha t  de- 
scribed in New and Nono$icial Remedies or the British, 
French, or German pharmacopoeias when taken 
according t o  the general method of the U .  S. Pharma- 
copoeia, Vol. 9, p. 596. On critical observation, it may be 
seen that  the melting point of acetylsalicylic acid is 
preceded and accompanied by decomposition. If the 
sample in the  melting tube is heated from the original 
room temperature of the bath to 120’ C., the tem- 
perature of melting will be lower than if the bath is 
first heated to  120’ C. and the melting-point tube 
then placed in the bath.5 Thus the melting point of 
acetylsalicylic acid, like so many organic compounds 
which decompose and do not melt sharply, is un- 
satisfactory and cannot be taken as an “infallible 
test” of purity, especially when determined by different 
operators who do not give their method in detail. 
After making a large number of melting-point de- 
terminations of acetylsalicylic acid, alone and in 
parallel with other operators, it was decided to  use the 

. 

1 Unfortunately, the non-descriptive name “aspirin” has been used 
extensively in European literature, and has even gotten into European 
pharmacopoeias, instead of the scientific name “acetylsalicylic acid.” 

2 For reference to older literature see Beilstein, 11, 1496 (889). 
8 “The Melting Temperature of Aspirin and Salicylic Acid Mixtures,” 

PYOC. Assoc. 03. Agr. Chem., 1912; Bureau of Chemistry, Department 
of Agriculture, Bull. 162. 

4 “Assay of Aspirin,” J .  pharm. Chim.,  16 (1917), No. 7 ,  213. 
6 Similar observations were made by Emery and Wright, who state: 

“An accurate determination of the melting temperature in this way (the 
rate of heating was such as t o  give a rise in temperature of about l o  per 
minute) is rendered difficult by the fact that ‘aspirin’ decomposes on heat- 
ing, as evidenced in the depression of the melting temperature of the pure 
substance of about 1 O for every five minutes’ heating just below its melting 
temperature.” 
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method described in the U .  S. Pharmacopoeia modified 
by first heating the bath to  120O C. before attaching 
the melting-point tube to  the thermometer. 

The melting point of purified acetylsalicylic acid 
was found t o  be 131.5-132.5’ C. (corr.).l With the 
exception of one specimen, which was obviously im- 
pure, the various specimens examined melted between 
128’ and 133’ C. as may be seen in the accompanying 
table. I t  would appear that  this range of melting 
points would be more acceptable and reliable than the 
melting points described in various standards. 

PRESENCE OR ABSENCE O F  FREE SALICYLIC ACID 

It is generally conceded that  the presence of salicylic 
acid in amounts more than traces is deleterious. 
Furthermore, the amount of salicylic acid is a good 
index of the purity of the acetylsalicylic acid, because 
the test is so delicate that ,  under favorable conditions, 
mere traces may be determined and, as a rule, the 
better the product, the less the amount of free salicylic 
acid. 

The tests appearing in various pharmacopoeias for 
salicylic acid as an impurity in acetylsalicylic acid do 
not give concordant results, different workers inter- 
preting the results differently, nor are they detailed 
in such a manner as t o  yield maximum delicacy. 

After experimentation, i t  was decided to  establish 
a “limit” test of approximately 0. I per cent free salicylic 
acid, when carried out according to  the following 
method : 

0.1 g. of the substance was placed in a dry colorimeter tube and 1 cc. 
of alcoho1,b previously distilled over NaOH, was added. After the acetyl- 
salicylic acid had dissolved, 48 cc. of water and 1 cc of fresh 0.1 per cent 
ferric chloride (FeCt.6H10) solution were added. At the same time a 
control was run by treating 1 cc. of a “standard” salicylate solution the 
same as above.% If  within two minutes the color given by the acetyl- 
salicylic acid is not more intense than the color given by the “standard,” 
the presence of not more than 0.1 per cent free salicylic acid4 is proved. 

The solutions used were prepared as follows: 
Redistilled alcohol was treated with a small amount of sodium hy- 

droxide for 24 hours, then again distilled. 
The color standard was made by dissolving 0,116 g. of dried sodium 

salicylate in water, adding 1 minim of glacial acetic acid, and making up to 
1000 cc. 

The ferric chloride solution was made by diluting 1 cc. ferric chloride 
(FeCls.6IlrO) test solution U. S. P. with 99 cc. of water. The diluted 
solution must be freshly prepared each day. 

Each cc. represents 0.1 mg. of salicylic acid.’ 

With one exception, all of the commercial specimens 
examined responded satisfactorily to  the above test 
showing less than I part salicylic acid in 1000 parts 
acetylsalicylic acid. The individual results are given 
in the accompanying table. 

1 Isolated crystals attached to  the walls of the melting-point tube, 
apart from the bulk of acetylsalicylic acid, melted a t  a lower temperature. 

2 An excess of alcohol destroys or lessens the color when only a very 
minute amount of salicylic acid is present. 

5 The control should be made each time as standing in the air changes 
its tinctorial power. 

4 The presence of pure acetylsalicylic acid does not seem to  affect the 
iron (Fe++ +) salicylic acid coloration. The small amount of acetic acid 
was added t o  the sodium salicylate control solution (1) to simulate an acidity 
approximating the acidity of the acetylsalicylic acid, and (2) since acetyl- 
salicylic acid gives by hydrolysis both acetic acid and salicylic acid, i t  was 
thought advisable to add acetic acid to the standard. If there is any 
free acetic acid in a sample of acetylsalicylic acid containing salicylic acid 
(which I believe is generally the case when salicylic acid is present) then 
i t  would modify the color given by the same amount of salicylic acid 
alone. For this reason i t  was thought to  be more comparable to  have the 
standard contain a slight amount of acetic acid. 

6 This standard is somewhat similar to the one proposed by T. W. 
Thoburn and Paul J. Hanzlik, J .  B i d .  Chem.. 23, 175. 
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MELTING POINT AND SALICYLIC ACID DGTBRMINATIONS 
Melting Point Free Salicylic Acid 

BRAND Corrected Colorimetrically 

than 6.1 per cent 
Acetylsalicylic acid, P. W. R.1. 130.0-131.0° Colored but showing less 

Acetylsalicylic acid, Millikinz.. 130.0-131 . O D  No color 
Acetylsalicylic acid, Millikinz 

5-grain capsules.. . . . . . . . . . . 129.0-130.0° No color 
Acetylsalicylic acid, Millikin 1 

5-grain capsules3 128.0-129. Op) Colored, but showing less 
125.5-126.5 ( b )  than 0.1 per cent(a) 

Considerably more than 

Acetylsalicylic acid, Squibb.2.. . 131 .0-132.0° No o f o r  
Acetylsalicylic acid (A 

Monsanto. . . . . . . , . . 131.0-132.0° No color 
Acetylsalicylic acid, M. C. W.1 130.5-131.5° Colored, but showing less 

Acetylsalicylic acid, M. C. W.l 131.5-132. S o  Colored, but showing less 

Acetylsalicylic acid, M. C. W.1 131 .0-132.0° Colored, but showing less 

Aspirin, Bayerl (before patent 
expired). . . . .. . 131.5-132.5O Nocolor 

Aspirin, Baye ent 
expired). . . . . . . . . . . . . . . . . . . 128.5-129.5° Colored, but showing less 

Aspirin, Bayerb4 (after patent 
expired). . . . . . . . . . . . . . . . . . . 129.5-130.So Colored, but showing less 

Aspirin Lehn and Fink* 130.5-131.5° 0 .1  percent 
Aspirin: Lehn and Fink2 130.5-131 . S o  Colored, but showing less 

Aspirin, Lehn and Fink1 131 .0-132.0° Colored, but  showing less 

0.1 er cent(b) 

than 0.1 per cent 

than 0.1 per cent 

than 0.1 per cent 

than 0.1 per cent 

than 0.1 per cent 

than 0.1 per cent 

than 0.1 per cent 
1 Obtained on the open market. 
2 Obtained from manufacturer. 

One-third of the capsules (a )  contained a white powder, two-thirds of 
the capsules (b) contained a pink powder having strong odor ‘of acetic acid 
and not complying witG‘the tests. 

New Nonofficial Remedies, 1917;” the other prod- 
ucts are, 

4 Not described in 

OTHER TESTS 

New and Nolzo$ciaZ Remedies, 1917, requires that 
acetylsalicylic acid shall form a clear solution with 
warm sodium carbonate solution; that  sulfates, chlorides 
and heavy metals shall be absent; that  0 . j  g. shall 
leave no weighable ash. All the brands reported 
in this paper complied with these requirements. 

So far there has been no satisfactory quantitative 
estimation of acetylsalicylic acid. True, various 
methods have been proposed, but they are objection- 
a.ble. It was thought that  hydrolysis of acetylsalicylic 
acid and then titrating the solution by comparing the 
color formed by ferric chloride with that  of a standard 
control might yield interesting results, providing that  
the conditions were alike. For this purpose I g. of 
acetylsalicylic acid was dissolved in IO cc. of alcohol 
and diluted to  1000 cc. The solution was then heated 
at  98-100’ C. for 2 hours, allowing the alcohol t o  
evaporate, then allowed to  stand at  room temperature 
( 2 2 O  C.) for 22 hours. After adding water sufficient 
to  make 1000 cc., i t  was compared colorimetrically for 
salicylic acid strength. The amount of hydrolysis 
varied so with different samples under the same condi- 
tions, that  it was realized that  an approximate assay 
by this method was unreliable. If the assay were 
made under more exact conditions, quantitative com- 
parisons might be possible. In  one experiment, after 
60 days the hydrolysis of the acetylsalicylic acid was 
61 per cent, which is in . rough agreement with the 

, work of Tsaklatos and H0rsh.l 
DISCUSSION 

Apart from the proposed revision of the standards 
for the melting point and limit of salicylic acid in 
acetylsalicylic acid, the examination shows that  there 
is no appreciable difference between the various brands 

“Studies 
of the decomposition of aspirin determined by titrametric methods and 
by conductivity measurements indicate that the reaction is exceedingly 
complex,“ T. and H. Chem. Abs., 10, 591. 

1 Apoth Ztg. ,  1916, p. 247; Bull. SOC. chim., 17 (1915), 401. 
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of acetylsalicylic acid examined, all of them with one 
exception (acetylsalicylic acid, Millikin, j-grain 
capsules, purchased on the open market) complying 
with the tests described in this paper. The J o w n a l  
of the America% Medical Association, in past years, has 
protested repeatedly against the monopoly given to  the 
Bayer Company for their “Aspirin,” contending that  
acetylsalicylic acid (aspirin) was not new, and that  
“Aspirin, Bayer” was simply a good brand of acetyl- 
salicylic acid which could be bought in foreign countries 
a t  much lower prices than here. Although the patent 
in the United States has expired, “Aspirin, Bayer” is 
still being retailed a t  higher prices than other products 
which are now enjoying the privilege of American 
manufacture. 

Mr. Paul Bakewell,’ in an opinion answering the 
warning circular of the Bayer Co. in reference to  the 
use of the w-ord “aspirin” by firms other than Bayer, 
argues very ably that  acetylsalicylic acid, before the 
patent was granted, meant the impure substance which 
was not used therapeutically, while “aspirin” was 
designated as the improved product (a new article of 
manufacture, the particular acetylsalicylic acid made 
under the Hoffman patent) and “is the substance 
now known in pharmacy as aspirin” (statement made 
by an officer of the Farbenfabriken of Elberfeld Co. in 
U. S. Circuit Court, 1909). The products reported 
in this paper are (with the one exception) the same as 
described in the Hoffman patent, and, in the sense of 
Mr. Bakewell’s argument, are “aspirin.” However, 
i t  would seem better if the name acetylsalicylic acid, 
instead of aspirin, were used, especially by physicians 
in their prescriptions because (I) it is a generic, 
scientific name; ( 2 )  “Aspirin, Bayer” is sold a t  higher 
prices than other products, whereas chemically equiva- 
lent products sold under the descriptive name may be 
purchased a t  a lower price. Finally, the manufacture 
of acetylsalicylic acid in this country is another ex- 
ample of the fact that  American chemists can produce 
the drug synthetics, and at  the same time make 
products as good as, if not better than, those of German 
origin. 

I express my appreciation to  Dr. W. A.  Puckner for 
his kind interest. 
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The methods employed for the determination of 
arsenic in insecticides are based upon the well-known 
iodimetric processes. Arsenious compounds are 
titrated with iodine in the presence of an excess of 
sodium bicarbonate. Arsenic compounds in a strongly 
acidified solution are treated with potassium iodide 
and the iodine which is liberated by the reaction is 

1 “In the Matter of Aspirin. Answer to the warning circular of the 
Bayer Co. of June 1, 1917,” by Mr Paul Bakewell, Monsanto Chemical 
Works. 

* Published by permission of the Secretary of Agriculture. 

titrated with sodium thiosulfate in the usual manner. 
I t  is not proposed to  discuss in detail the various 
modifications of these methods that  have been sug- 
gested and investigated in connection with the analysis 
of arsenical insecticides. The reader is referred t o  the 
exhaustive reports published in the Journal of the 
Association of  Of ic ia l  Agricultural Chemists, 19 I 5 ,  
1916 and 1917. The method adopted as official by 
the A. 0. A. C. for the determination of total arsenic 
is based upon the distillation of the arsenic as arsenious 
chloride by means of cuprous chloride and concentrated 
hydrochloric acid. The distillate obtained is diluted 
to  a definite volume and aliquot portions are titrated 
with iodine in the presence of sodium bicarbonate.’ 

The object of this paper is t o  show that the iodate 
titration as applied to  the determination of arsenic 
has many advantages over the iodimetric methods. 

The iodate method, which is based upon titrating 
arsenious compounds with a standard solution of 
potassium iodate in the presence of 1 1  t o  20 per cent 
of hydrochloric acid, until the iodine liberated during 
the first part of the reaction has disappeared from the 
chloroform indicator, was first described by L. W. 
Andrews.2 More recently the writer3 has shown that  
arsenic can be accurately determined by this method, 
and confirmed the results obtained by Andrews. It 
may be well t o  enumerate again the advantages of the 
iodate titration over the iodimetric for those who are 
not familiar with the literature on this subject. One 
great advantage is that  the iodate solution is prepared 
ready for use by simply weighing the calculated amount 
of pure dry normal potassium iodate: dissolving i t  in 
water, and diluting to the proper volume. No further 
standardization of this solution is required at  any 
time so long as the evaporation of the water is pre- 
vented (a solution kept for seven years showed no 
measurable change). This is in marked contrast t o  
the work and time required to  prepare the iodine solu- 
tion as well as the sodium arsenite or sodium thio- 
sulfate solutions used for its standardization and the 
restandardization necessary a t  frequent intervals. 
Another marked advantage in favor of the iodate 
titration is the exceedingly sharp and definite end-point 
obtained with the chloroform indicator, Furthermore 
cupric and ferric compounds as well as most kinds of 
organic matter have no influence upon the accuracy 
of the method. In  the direct titration of insecticides, 
cuprous and antimonious compounds react with 
potassium iodate as is the case with the iodine titra- 
tion, but fortunately these compounds occur only in 
very small amounts. 

In  connection with the determination of total arsenic 
in which the distillation process is employed in order 
to  obtain all the arsenic in the trivalent condition, 
the iodate titration has the advantage over the iodine 
method not only in regard to  the time required but 
also in that  no sodium hydroxide or sodium bicarbonate 
is used. The first potassium iodate solution employed 
in the present investigation contained 3.567 g. of 

1 Roark and McDonnell, THIS JOURNAL, 8 (19161, 327. 
2 J. Am. Chem. SOC., 26 (1903), 756. 
3 THIS JOURNAL, 3 (1911), 250; A m .  J .  Scz., 44 (19171, 150. 
4 I b z d ,  44 (1917). 151. 


